Curly -leaf pondweed Potamogeton crispus
Pre/Post HerbicideTreatment Surveys

Long Lake - WBIC: 2478200

Polk County, Wisconsin

Long LakeAerial Photowith Final2017 Treatment Areas Dead CLPPosttreatment 6/17

Project Initiated by:
Long Lake Protection and Rehabilitation Distridgrmony Environmental,
and theWisconsin Department of Natural Resources

Curly-leaf pondweed e o
(Potamogeton crispus)

Exotic Species
Pretreatment Survey

Long Lake Rake Fullness Rating
Polk County, Wi 1
April 29, 2017

e 3
None Found
[ 2017 Treatment Areas
[ High Density CLP Areas

* Long Lake

0.25 0.5 1
s Miles

2017 CLP Pretreatment Density and Distribution

Surveys Conducted by and Report Prepared by:
Endangered Resource Services, LLC

Matthew S. Berg, Research Biologist

St. Croix Falls, Wisconsin

April 29 andJune 56, 2017



TABLE OF CONTENTS

LI ST OF TABLESééeeéeéée. ee. . eeeceééeeecdieécee

rrrrrrrrrrrrrrrrrrrrrrrrr

////////////////////////////

,,,,,,,,,,, 7

Finalization of Treatment Aredsé ¢ é é é é . éééééééeéeéeé é 3

7 7 ~Z

Pre/ Post Tr eatémeénété éRuécdegasé&écecé éé. 4

APPENDIXER ¢ 6 é € é. é6ééecéécéécééecéecéecée. . 17
I: CLP Pre/Post Survey Sample PoiatglFinal Treatment Are&sé é € é .. 17
Il: Vegetative Survey Data Sheete ¢ é ¢ é e é e ééeéeééeéée.. 20

[ - Pre/ Post Habitat Variabl esééeéezeéeécee.

IV: Pre/PosLittoral Zone,Native SpeciesRichess and Tot al Rake Ful
V: CLP Pre/ Posttreatment Distributd2 on. éé:¢
VI : Pretreat ment Naét.i&é&é Sheac.ieseédéd3ddt ri but

VII: Posttreatment Native Species Distributibré .. é é € . é éé. é € é é .44 .



LIST OF FIGURES

Page
Figure1l: LongLakBat hymetric Mapéééééééeecee. . . Eéeééée.
Figure2: Rake FullnessRatn gs é. . éééééée. eé. éééééeeee.

Figure 3 2017 Pre/Post Survey Points and Iz a | CLP Treat ment3 Areas

Figure 4 CLP Area Depths and Btom Substrate ¢ . é é é é ée &.e.¢ . . 4

Figure 5 Pre/Post LittoralZoné é ¢ ¢ . . . . é. éé . ééeeeée. . ébecece
Figure 6 Pre/ Post Native Species Richnéss. . é.
Figure 7. Pre/Post Total Raldeullnesst é é é é é e e éé. . éé. eeéeé.b.

Figure 8 Pre/ Post CLP Densit&@&éeand. Dégédi buti o
Figure 9 Whole Lakei Changes in CLP Rakeullness Ratings. € € é ééé... 7

Figure 10 High Density Areas Changes in CLP Rake Fullness Ratigs é é 7

Figure 11 Low Density Areas ChangesinCLPRakeu |l | ness Rati 8gs. ééé
Figure 2: Pre/PosCoontail Density ad Distributiore é é é é é € € € € é . 9
Figure 13 Pre/Post Common Waterweed Density and Distribudign. . é é € . .9
Figure 14 Whol e Lake Pre/ Post Natié&é. SAxci es
Figure 15 High Density Areas Pre/Post Native Speci€hanges ¢ € € é . . .14

Figure B: Low Density Areas Pre/Post Native Species Changeé . . é é é é 15



LIST OF TABLES

Page
Table 1: Spring CLP Treatment Summarylay 3, 2017- Long Lake, Polk Co.. 3
Table 2: Pre/Post Survey Summary Statigtiteng Lake, Polk County
April29andJune 56,2012 e é e é e éeéeéeééeéeéeéeé 4
Table 3: Frequencies and Mean Rake Sample of Aquatic Macrophytes
Pretreatment SurvayHigh CLP Density Areas
Long Lake, Polk Couty April 29,2018 é é e ¢ é e é . éée ééé........ 10
Table 4: Frequencies and Mean Rake Sample of Aquatic Macrophytes
Prdareatment Survey Low CLP Density Areas
Long Lake, Polk Countpril 29,2012 e € € € € é é €6 €€ €€ éééé 10
Table5: Frequencies and Medake Sample of Aquatic Macrophytes
Posttreatment SurvayHigh CLP Density Areas
Long Lake, Polk Countyune 56,2012 ¢ € ¢ é 6 ¢ é¢é. éééeééeéeeée. . 11

Table 8 Frequencies and Mean Rake Sample of Aquatic Macrophytes
Posttreatment SurvayLow CLP Density Areas
Long LakePolk CountyJune 56,201 ¢ ¢ é é é é ¢ € éé éééeeée. . . 12



INTRODUCTION

Long Lake (WBIC 2478200) is a 272 acre seepage lake in central Polk County,

Wisconsin in the Town of Balsam Lake (T34N R17W S07 NB.NEreaches a

maximum depth of just over 17ft in the central basin and has an average depth of
approximately 11ft (Busch et al. 1969) (Figure Ldng Lake is eutrophic trending

toward hypereutrophic, and visibility is generally poorhwstimmer Secchieadings

averagingd.6ft since 1992 (WDNR017) . The bottom substrate i
central basin is predominately thick organic muck, while exposed points and most

north/south shorelinemre dominated bgravel and sand

€ 0F wisconsin
OF WATURAL RESOVACES

Figure 1. Long Lake Bathymetric Map

BACKGROUND AND STUDY RATIONALE:

LongLake and the Long Lake Protection and Rehabilitation District (LLPRD) have an

extended history of battling Curlgaf pondweedRotamogeton crispdgCLP)- an

exotic invasive species that thrivieshe nutrientrich sediments found in many parts of

the lake. In the past, CLP often grew so densely in the spring and early summer that it

made lake access and boating difficultfoe s i d e nt s-Juneto€akthyRdlys | at e
senescence was also citegast studies by Barr Engineering and the Polk County Land

and Water Conservation Department (PCLWCD)
overall phosphorus loadnditwas at | east partially respons
late-summer toxic blugreen algae bloomdn 2010, after years of study, the LLPRD

and the Wisconsin Department of Natural Resources (WDNR) authorized an initial

lakewide herbicide treatment of over 65 acres of CLP. LLIRRD treated nearly 57

acresagani 011, and 58 acres in 2012. Af ter uj
Aquatic Plant Management Plan (APMP) in 2012, it was decided to treat just 27 acres in

2013, and only 20 acres in 201Althoughthe 201602013 treatments resulted in

highly significant reductionsin both CLP coverage and density on the |ake,2014

treatment showed no significant change from pretreatment levelsA follow-up

survey of CLP turions in the | akeds sedi me
likely be very low in mosparts of the lake. Based on these data, and following a
di scussion with the | akeds executive board

(Harmony Environmental) in the fall of 2014, it was decidetlto treat CLP in 2015



Becauséoththe2015JuneCLP pont-intercept monitoring survey artdefall CLP

turion sediment data suggested CLP had made a significant rebound throughout much of
the lakejt was decidedthat herbicide treatments (not to exceed 35 acrgsvould

resumein the future. Ultimately, theLLPRD decided to treat 34.97 acias2016

Prior to the 2017 herbicide applicatiame conducted retreatment surveyf the lake
on April 24" to determine initial CLP levels arfihalize treatment areas. Following the
May 3" Aquathol K ® application o83.65acres of CLR12.% of the | akeds s

area) a posttreatment surveyas conductedn June5-6"to determinethe r e at ment s
effectiveness This report ishesummary analysis of thesgo surveys.

METHODS:

Pre/PostTreatment Surveys:

Following three years (20102) of doing extensive plant surveys as was required for

the lakewide herbicide treatments, it was established that most midlake sandy/rocky
shorelines that had narrow littoral areas supported extremely lositids of CLP.

Because of this, these areas were anngatigtly reduced or eliminatetbin treatment

plans. In 2013, we divided the lake into high/low CLP density areas. Within the high

density areafHDAs), we used Hawt hés ARAeGI$S3l1d0 Tool s I
generate pre/post survey points at 25m res
proposed treatment areas. The resulting sampling grid contained 323 points which
approximated to 6.5 points/acre. In the historically low density #r€3As), we

constructed an alternative 200 point grid at 18m resolution where we conducted

exploratory CLP pointntercept surveys to monitor for any potential resurgence in

CLP. Because othe expansion of CLP in 2015, all 523 points were used for both the

pre and posttreatment surveysith2016and 2017Appendix ).

Prior to each surveyve uploaded thpointsto a handheld mapping GPS unit (Garmin
76CSx)andthenlocated then on the lake. At each point, we used a rake to sample an
approximately 2.5ft section of the bottom and recorded the depth and bottom substrate.
CLP was assigned a rake fullness value-8fdls an estimation of abundance (Figg)te

We also recorded visual sightings of CLP within six feet of the sample géawever,
because visual sightings are not calculated into the pre/post statistical formulas, we only
assigned a rake fullness value for f@bP plants. A cumulative rakelfness value was

also recordedt each site

Rating Coverage Description
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Figure 2. Rake Fullness Ratings



We entered all data collected into the standard APM spreadsheet (Appendix 1l) (UWEX

2010). Data was analyzed using the linked statistical summary sheet and the WDNR

pre/postanalysis worksheet (UWEX 2010). Pre/post differences were determined to be
significant atp < .05, moderately significant at< .01 and highly significant gt < .001.

RESULTS AND DISCUSSION:

Finalization of Treatme

nt Areas:

Of the seven areas identified by Barr Engineering as having CLP in\2808ve
consistently found high density CLP in only six of them in an area covering 4&.&8
(Table 1). Followinganalysis othe pretreatment surveiy was decided to eliminate

Area 3 andrim therestof the areaso encompass the8%5 acres(12.4%

of t he

surface area) that had the highest CLP densities in #dure3) (Appendix I).
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Treatment occurred on May 3, 2017 with Northern Aquatics (Dresser, WI) applying

Figure 3: 2017 Pre/Post Survey Points and Final CLP Treatment Areas

| akedc

Aquathol K (Endothall) at a rate of 2205 ppm (326.4 total gallons). The reported water
temperature at the time application wa$0.0F which wasat the bottom threshold o

theWDNRGO recommended treatment temperature range ef6®F. Wind speeds were

reported to be-6mph out of the west.

Table 1. Spring CLP Treatment Summary

May 3, 2017- Long Lake, Polk Co.

High Density Potential Final :
Difference
CLP Treatment | Treatment (+1-)
Area (acres) (acres)
1 13.34 10.05 -3.29
2 8.46 6.12 -2.34
3 3.84 0.00 -3.84
4 9.51 6.35 -3.16
6 4.88 3.09 -1.79
7 9.85 8.04 -1.81
49.88 33.65 -16.23




Pre/Post Treatment Surveys:

All high densityCurly-leaf pondweedreasoccurred invaterbetweer0.5t and 5.0ft
(Figure 4. During thepretreatmensurvey, we found themeanand mediamepthof
plant growthin thehigh density area® be6.6ft and6.0ft respectively These declineda
foot posttreatmentio 5.6ft and 5.0ft likely related to the death of ClLants which
dominated the deepwater plant communit{Table 2). In thelow density aregghe
pretreatment mean and median depths wéfe ahd6.5ft. before nearly inverting to
6.7ft and 7.0ft. MostCLP within theHDASs occurredover organic muckalthough the
westernedgeof Bed 7near the islanevas established oveandy/rockysubstrates
LDAs were dominated by sand and rd€kgure4) (Appendix Il1).
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Figure 4: CLP Area Depths and Bottom Substrate

Table 2: Pre/Post Survey Summary Statistics
Long Lake, Polk County
April 29 and June 56, 2017

Pre Post Pre Post

Summary Statistics: High High Low Low

Total number of points sampled 323 323 200 200
Total number of sites with vegetation 251 183 31 82
Total number of sites shallower than the maximum depth of plan 321 318 200 196
Frequency of occurrence at sites shallower than max. depth of p|  78.2 57.6] 155 41.8
Simpson Diversity Index 0.61 0.72] 0.7 0.79
Mean Coefficient of Conservatism 5.0 5.4 52 5.4
Floristic Quality Index 11.2 16.3) 127 15.2
Average number of all species per site (shallower than max dept|  1.19 0.85] 0.19 0.55
Average number of all species per site (veg. sites only) 1.52 1.48] 119 1.30
Ave. number of nativepecies/site (shallower than max depth) 0.57 0.84] 013 .55
Ave. number of native species/site (sites with native plants only) 1.26 1471 125 1.30
Species Richness 6 10 7 8
Maximum depth of plants (ft) 14.0 13.0] 150 13.0
Mean depth of plants (ft) 6.6 5.6 70 6.7
Median depth of plants (ft) 6.0 5.0 6.5 7.0
Mean Rake Fullness 1.75 1.33] 1.9 1.04




Thepretreatmentittoral zoneextended td5.0ft (14.0ft HDAS/15.0ft LDAs) before
contractingslightly to 130ft in both the high and low density argassttreatmengFigure
5) (Appendix V). Thefrequency of plants encounteriedthe HDAs decreased from
78.2% pretreatment t67.6% posttreatment. Conversely,the LDAS where plants were
uncommon within the litteral zone prestreatme®t$% coverage)thefrequency more
than doubled to 88% posttreatmentWithin the HDAs richnessearly doubledrbm

SiX species pretreatment to fgosttreatmentvhile the LDAs increasednly slightly

from seven teightspecies.This helped th& i m p s Qiversity Indexincreasean the
HDAs from 0.61 pretreatment to @2 posttreamentthe LDAs, however, were unchanged
at0.79during both the pre and posttreatmsmtveys TheFloristic Quality Index
(another measure tfie nativeplant community healthj the HDAsincreased from 1.2
pretreatment to 16.3 posttreatmei the LDAs, it increased from 12.7 to 15.2

Littoral Zone =1l | |Littoral Zone ==L

Pretreatment Survey L& | | Postireatment Survey 2=}

Long Lake Long Lake
Polk County, Wi Polk County, Wi
Aprl 29, 2017, Littoral Zone e -8, 207 Littoral Zone
Littoral Zone with Plants + Littoral Zone with Plants
e >15.0ft o >13.0ft
7712017 Treatment Areas 7712017 Treatment Areas
High Density CLP Areas High Density CLP Areas

., Sl %
R %\ Rt T S

P B

| 3
L 0.25 0.5 : 1 By ¥ ‘; E % 028 i S @

S Miles s Miles

Figure 5. Pre/Post Littoral Zone

We found localized native species richness to be quite low throughout the lake. In the
high density areasichnessat points with native planiacreasedrom 1.2 species/sé
pretreatment to 1.43pecies/site posttreatmdrigures §. In low densityareas, this
valuegrew from1.25 species/sitpretreatmento 1.30 species/sit@osttreatment Total

mean rake fullnesst HDAs was dow/moderate I/5 pretreatment before falling to a

low 1.33 posttreament. In LDAs, where the April mean rake fullvess dready an
exceptionally low 1.29we found this level dropped further t®4in June(Figures?)
(Appendix 1V).
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Figure 6. Pre/Post Native Species Richness
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Figure 7: Pre/Post Total Rake Fullness

During the pretreatment surveyeviound Qrly-leaf pondweedt 209 of 523total sites
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coverage (Figure8) (Appendix V). TheHDAs had31 points with arake fullness rating
of 3,78with a 2, andB8 werea 1 Thisproduced anean rake fullness of 1. The

LDAOS
rake fullness of 1.67

hpaints rdting@ 3four thatwerea 2, and the remainirglx a 1 for amean

During the psttreatment survey, we fouLP at justtwo points(0.4% coverageyvith
each rating a 1, and both occurringhe thehigh density area®.6% coveragg In the
low density areas, we saw no evidence of CLP at or between any survey Qaints
findings suggest the treatmenproduced a highly sgnificant reduction in CLP
lakewide (Figure9), in the HDAs (Figure 1) AND in the LDAs (Figure 11). This was
surprising as only the HDAs weteeated, and, even here, only 8.6f the acreage was

treatedThat CLP was knocked back even in areas
that this dosage of Endothall over this acreageffectively resulted in alakewide
treatment.
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Figure 8: Pre/Post CLPDensity and Distribution



Pre/Post CLP Rake Fullness Results
Lakewide- Long Lake, Polk County
April 29 and June &, 2017
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Significant differences = *p < .05, ** p < .01, ** p <.001

Figure 9: Whole Lakei Changes in CLP Rake Fullness Ratings

Pre/Post CLP Rake Fullness Results
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Figure 10: High Density Areas - Changes in CLP Rake Fullness Ratings



Pre/Post CLP Rake Fullness Results
Low Density AreasLong Lake, Polk County
April 29 and June &, 2017
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Figure 11: Low Density Areas- Changes in CLP Rake Fullness Ratings



Lakewide, ve foundCoontail Ceratophyllum demersyrand Common waterweed

(Elodea canadensjsvere the mostommonand second most common native species

duringboththe pre and posttreatment survéygures 12 and 13 (Tables 36). Neither
these nor any othenativespecies showed a significant decline posttreatpientever,
filamentousalgaeand many later growing species that were largely dormant during the
pretreatment survey showed significant lakewrdeeasegFigure14). Specifically,

filamentous algae, White water lillNymphaea odora)aMuskgrass Charasp.), Water

stargrass Heteranthera dubig andNitella (Nitella sp.)demonstrated highly significant

increases; Slender naiadgjas flexilig and Needle spikeruskleocharis aciculariy
showed moderately significant increases; and Common waterweed experienced a

significant increaséMaps of allnativespecies from the pre and posttreatment surveys

can be dund in Appendixes VI and VII).

Breaking the data out betwa high density areas (Figure) Esd low density areas

(Figure B) provided little additional information. Based alhthese data that shed
the overall effectivenssf the treatment at controlling CLP while simultaneously having
minimal impact on native species, Z0dppears to haveeenhighly successful at

meeting the LLPRDG6s stated goals for
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Figure 12. Pre/PostCoontail Density and Distribution
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Figure 13: Pre/PostCommon WaterweedDensity and Distribution
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Table 3: Frequencies and Mean Rake Sample of Aquatic Macrophytes
Pretreatment Surveyi High CLP Density Areas- Long Lake, Polk County

April 29, 2017
: Total | Relative| Freq.in| Freg.in| Mean
Species Common Name . .
Sites Freq. Veg. Lit. Rake
Potamogeton crispus Curly-leaf pondweed 197 51.71 78.49 61.37 1.71
Ceratophyllum demersum Coontalil 130 34.12 51.79 40.50 1.38
Elodea canadensis Common waterweed 35 9.19 13.94 10.90 1.34
Filamentous algae 32 * 12.75 9.97 1.16
Nymphaea odorata White water lily 10 2.62 3.98 3.12 1.00
Lemna trisulca Forked duckweed 7 1.84 2.79 2.18 1.14
Charasp. Muskgrass 2 0.52 0.80 0.62 1.00
Table 4. Frequencies and Mean Rake Sample of AquatMacrophytes
Pretreatment Surveyi Low CLP Density Areas- Long Lake, Polk County
April 29, 2017
: Total | Relative| Freq.in| Freg.in| Mean
Species Common Name . .
Sites Freq. Veg. Lit. Rake
Potamogeton crispus Curly-leaf pondweed 12 32.43 38.71 6.00 1.67
Charasp. Muskgrass 7 18.92 22.58 3.50 1.14
Heteranthera dubia Water stargrass 7 18.92 22.58 3.50 1.00
Filamentous algae 7 * 22.58 3.50 1.00
Ceratophyllum demersum Coontalil 5 13.51 16.13 2.50 1.00
Lemna trisulca Forked duckweed 4 10.81 12.90 2.00 1.00
Elodea canadensis Common waterweed 1 2.70 3.23 0.50 1.00
Myriophyllum sibiricum Northern watemilfoil 1 2.70 3.23 0.50 1.00

* Excluded from relative frequency analysis
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Table 5: Frequencies and Mean Rake Sample of Aquatiglacrophytes
Posttreatment Survey- High CLP Density Areas- Long Lake, Polk County

June 56, 2017

: Total | Relative| Freq.in| Freg.in| Mean
Species Common Name . .

Sites Freq. Veg. Lit. Rake
Filamentous algae 142 * 77.60 44.65 1.18
Ceratophyllum demersum Coontail 122 45.19 66.67 38.36 1.21
Elodea canadensis Common waterweed 53 19.63 28.96 16.67 1.47
Nymphaea odorata White water lily 45 16.67 24.59 14.15 1.16
Charasp. Muskgrass 21 7.78 11.48 6.60 1.10
Heteranthera dubia Water stargrass 9 3.33 4.92 2.83 1.00
Lemna trisulca Forked duckweed 7 2.59 3.83 2.20 1.00
Nitella sp. Nitella 6 2.22 3.28 1.89 1.00
Eleocharis acicularis Needle spikerush 3 1.11 1.64 0.94 1.33
Myriophyllum sibiricum Northern watemilfoil 2 0.74 1.09 0.63 1.00
Potamogetorerispus Curly-leaf pondweed 2 0.74 1.09 0.63 1.00

* Excluded from relative frequency analysis

11




Table 6: Frequencies and Mean Rake Sample of Aquatic Macrophytes
Posttreatment Survey- Low CLP Density Areas- Long Lake, Polk County
June 56, 2017

: Total | Relative| Freq.in| Freg.in| Mean
Species Common Name . .

Sites Freq. Veg. Lit. Rake
Filamentous algae 92 * 112.20 46.94 1.02
Charasp. Muskgrass 31 28.97 37.80 15.82 1.06
Nitella sp. Nitella 28 26.17 34.15 14.29 1.04
Heterantheradubia Water stargrass 21 19.63 25.61 10.71 1.00
Najas flexilis Slender naiad 10 9.35 12.20 5.10 1.00
Ceratophyllum demersum Coontail 5 4.67 6.10 2.55 1.00
Lemna trisulca Forked duckweed 5 4.67 6.10 2.55 1.00
Eleocharis acicularis Needle spikerush 4 3.74 4.88 2.04 1.00
Elodea canadensis Common waterweed 3 2.80 3.66 1.53 1.00

* Excluded from relative frequency analysis

12




Pre/Post Differences for All Native Species
Lakewide- Long Lake, Polk County
April 29 and June ®, 2017
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Significant differences =* p < .05, ** p< .01, *** p<.001

Figure 14: Whole Lake Pre/PostNative Specieshanges

13






